MASTER'S TRESIS 

INVESTIGATION OF PROTON INDUCED REACTIONS 
IN LIGHT NUCLEI USING PROPORTIONAL COUNTER 

CAPTAIN J. 0. F. PORSETT, USN 
THE OHIO STATE UNIVERSITY 

1952 



o 

6 ^ 



THESIS 




l&V OJA? 133 wF IsWJCfD *tf ACT* XcsRl IB M9RS 

3TO3LJI KIR rv/^-TIUttO, (JOUBTIR 



Abstract ©f 
A Wheals 

Presented In Partial ral fill cant of the Repair eaenta 
for the Degree Hueter of ** ole nee 

By 



JOHH 4RXX fGbLMr.S DORART, B.3., X4. (Bet. ) 
"’he Ohio State UnlYeroity 
19 C 2 



A^roYed by i 



W I'.tY 

^ . School 

JNIcj.". • .j k.__kj 



vivieer 



XWV53T I3AT lull Of F OTOS LC'UOr> REACT IGJU Ilf 1IGHT 
3UCLSI nitM F.CW:TIONAj- CoUlffK 

John Orem Fillmore Dorse tt 
3. 3., U.i. Baval Aoaderay, 1937 
K. 3., (Let*) lieeec abuse tts Institute of Technology, 1940 

Department of Physios 
(Approved by James C. Harris) 

The general problem wes to utilize a proportional 
counter for observing nuclear react Iona Induced la proton 
bombardments by The Ohio State University Ton de (Jraaff 
electrostatic generator, 

‘he proportional ooonter, !eulgned by Cosasinder 
A . 3. Chilton, was modified end improved by the addition 
of « reaction collimator and electrostatic shield between 
the sensitive volume end reaction chamber, The particular 
problem investigated waa the elastic ac? ttering of protons 
by ergon gos. M he ga aeons target and filling g^e of the 
counter were the same: 90** argon nd lO'' C0„ under 50 mm. 

d 

(Eg) pressure. Scattering angle in the laboratory system 
w&e 150°, A proton bears current of about 0,2 - 0.3 
microamperes w*s integrated in cycles of 10.9 micro coulomb a. 
or febout 6030 counts per minute. 

Elastic scattering rate was investigated for proton 
- 1 - 
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reaction energies from 710 to 1153 fcev. '’he general 
trend followed closely the predicted scatter Ing obtained 
by adding the cross-sections due to Coulomb potential 
and that due to a hard sphere type of so' ttering. A 
definite snoa&ly w rg observed at 908 * 10 fcev. 5ince the 
experimental resolution was of the order of £0 kev. , no 
attempt was m~de to compute the reaonenoe width from the 
energy spread of the extrema. A second run confirmed 
the existence and shape of the anomaly* "he energy of 
this resonance in agrees closely with Investigations 
made by Broatr^ra, Haas, rnd Zoah in 1948 (Mature 162 . 

695 , ) 
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?h« problem in general wn* to investigate certain 
proton induced reactions using a sensitive and highly 
disor imin&ting proportional counter* ?he Tan de Oreaffff 
generator at The Ohio State University provides a asmree 
of protons of fairly discrete energies within the range 
of 0*3 end 1*6 Eev* ‘?he rerot lone induced in targets read* 
of various material® were to be detected by met no off a 
sensitive prooortion&l counter* When need with a linear 
amplifier having a a i mr lain? t ing circuit, « method was 
provided for detesting rad dlser tmlnatlng between proton 
groups or between protons nd alpha particle®. 

Originally, it wae planned to investigate the (p-tf) 
reactions in light nuclei using as a target very thin 
nickel or copper foil* r *ifff laulties were encountered in 
monitoring the beam with m solid target installed, ecpeol- 
ally since the beam current had to be kept down to the 
order of 0*1 microampere to Yuld aatureting the oounter 
with recoil protons* Suggestions for correcting this 
difficulty ere dicaucsed in Section VI. Pending further 
mod If loot ion of the target assembly. It a decided to in- 
vestigate elastic scattering from the argon uced e» n 
counting grs in the changer* idl type of experiment wr- 
- 1 - 
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mi % ted visual monitoring of the beam while aging low beam 
currents. 

Two possibilities were recognised: (1) onomolles in 
the elastic scattering would indicate resonances in / end 
(£) a low energy (p-oO reaction is energetically possible 
from atomio mags considerations with Q - 4l.f>4 Met, "'he 
shenoe that the latter reaction might hrve a Itrge cross- 
section w s deemed to be very remote because of the high 
Coulomb barrier of *rgo n to both incident and emitted 
pfr tides. The reaction is eg follows: 

,40 1 / ^4l\* 37 

ia A + i H * (is ] . 17 C1 + E n« 4 +■ q ( 5 i,64 rev.) 

The (p-n) reaction for A*® w s ruled out on account 
of a negative Q of approximately -1.7 rev. 
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Scattering whenotsena belong to one of three general 
classes : 



(1) H* ttie ^vSoaloeib or 'other ford ) Mattering. 

(Z) Cnelr i*tic eootttrinf. 

(3) Heeeaanee scattering. 

1 .?tic -e ,<,f*Tlnzm 

IX stio scattering occurs ^hen the kinetic energy of 
the syctca la conserved. In the case of a f ct light 
particle * coll i«Sl ng* with ft he* vy slow scoring pnrtlde the 
light particle a* a elisost the cmae energy after collision a» 
before. utherford *& original theory of the atomic nucleus 
v*» verified by exawr lisente In which the clootie scattering 
of «.-p«rtioleo tr&m thin gold foil# woe observed. He «•- 
ea acd th*t the positive charge of the gold rat clena wr» con- 
centrated in » snail volume which contained tansst of the 
atomic aass. "'bio charge was considered *ts a point charge 
whoee electric field satisfied the loulonb Ur of ’ cmileiofu 
"he exact deflection of smll positive chargee ptich na 
lph*a would depend on the initial path of the particle 
with reaped to the b c Hii ^t e4 nudeue. fl* ptlc scatter ing 
will be covered in greater detail in the next section. 

Xnel atic or t ter lug. 

If the incident article penetrates within the Coulomb 
barrier e o that the short r nge nuclear forces ac«e into 
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pl®7* kinetic energy < ml momentum rill not be separately 
conserved. 3oae of the part isle energy it transferred to 
the nucleus which goes to an exalted quantum 8bf te. M he 
transferred energy ip emitted a« a gamma photon when the 
nujleuj, fter emitting a particle of the ©time hind as the 
incident particle, returns to the ground state again. South 
a process is inelastic scattering* The problem of inelastic 
scattering hag been treated by Born* 00 a perturbation 
problem in quantum %eahnnios« 

Iael stlo aoatteri ng of protons has been invest igsjred 
by several workers: ' lake end Mcrnhall (194S) • Kiikimi 

(1341 ) 3 ; fcsvi* rad Kaffncr (l^dB) 4 ; ?owell, Kay. Chadwick 
end fi clearance (1940)^; fulbright / nd Bash (1948} S ; and 
? hod crick (1950) 7 , 

'here 5 », elastically scattered charged p^rtioles are 
scattered mainly in the forward direction, Inelrsticnliy 
scattered particles tend to a symmetrical angular distribu- 
tion. This indicates the formation of u compound nucleus 
fro® which the entering partiole is re-emitted with spherical 
symmetry. 

Inelastic scattering of protons may be thought of as a 
(p.p) reaction in which the proton leaves with a loner kinet- 
ic energy, 'he scattering nucleus la raised to an excited 
state at the expense of the kinetic energy of the system, 
observation of the energy spectrum of the scattered protons 
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. i iafoy»Rt;ioo ©f the maalear level© involve. Before 
inter* cun Ion ©an be ©f she resaltn, the ©cn*elbility 

©f «m«Ji « reaction that shown In fl£» Kb) ntt«t be ex- 
7 

©lisiea. 




ri^. l. 

"be wo©©** In Kb) psortMNHi ln«Xft»~ 

#*& tiered orotona bet loea noli Involve *«$r exoi tcci 

7 

*t*te« of the rt aiflti i nu jl-na. Khol* rloic ©tote© that the 
probability a»et nf swash n ©rooeaa Anting wlfcne l© only 
>ne-Ui«5n©ca.ith l * greet Ml thr t of street transition t© 
the groan4 state of B* "his !» far ©robfcbl© than 

fftmAe oaptare, vhlafc ia tarn is far leea lifcely than 
ealettltm of » proton* fceannhe of tin tftft&llnesnt of the 
radiative width of nuslenr level*, e o n therefore - ?~ 



©aae that ia*l»©tlo ©nattering follows the pr ttern of 



?lg* l{»). and therefore the loaf of « < er of *tur pro- 

ton fin the aenter-of-wee eyetea) ie t® the exul- 

tation ener/y of the residual naoletti?. 

Mofce &sd K»rath&ll £ point out th* t mellow 

• re (&»&} a® re lively %ame ( o,p) rmstlao* due 1% the Hi 
loftb barrier. 'has, If the (p 9 n) re option la energetically 
possible, one would expeot very little (0,0) inelastic re- 
st .lea*. Inbetaneee aor. anltable for ineloetla proton 
Mattering r« those wl*h fetth fp,«) thresholds fend these 
are found w»«tly in light atieleU 

Powell, et al 4 *, obtained inforantlon on probability 
of scattering at *rigle# of 16° through 150*. Inelftstlaally 
Bettered protons frost* neon mere f o«nd to be distributed 
vlth a 'herlaal oyasaetry. So ittelaetiu protons were ob- 
oe r re a in oxygen up to 4 Eev. f felorlne nd argon were in- 
▼tetigttted and the ratio of i»«l«*tt? to el »tiu Matter- 
ing »*• very each eoaller than in th« acee of neon oerree- 
mmling to the deer eased probability of protons entering 
the one leu 9 with inure olng nuclear ohargr* 

then the boial} riing p' rtiole penetrates the nuclear 
barrier to fora joswnal nualea®, the weathering oenwen 

to be isnrely elftetio *nd beo^sse* o ■,r«noftjtBti&tl<m Twooemu 

& 

llatarieally, the first of the®* prooeesea' w, » ? nther- 
f#H*» kWirHit sf nitrogen la ISIS with *XbHP ?*r- 
11 ales to fora exygen In the ground state r|th the emis- 
sion of » proton. ’he e ’nation fo? this relation ies 
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14 m i 

H + 2 * ) * 8 



q 17 i?l 

+ 1 + Q -1*28 rev.) 

The fir at, cuooeaafal disintegration ttsllliin * proton# mix 

rj 

perforracd by Crock croft *ad *'»>1 on In 19.12. Trotona were 
ecoeleratcd in a hydrogen discharge tube up to tt»5 l!«v* end 
seed to boBbcrd llthlna; alpha particles o.cre observed on a 
Xlcoreaoent screen. The react io«l®*31 ia : 

3 U 4 1 E =(4 S<8 ) s 2 H * 4 * g H « 4 + Q (+17.1.1 H«V. ) 

This reaction h?:c now been stalled by w>ny observer# »nd 1c 
so »^ell known »e to be n calibrating reaction. 

Other Important (p-*) reaction# MMsrtasft by Livingston 

nd Bethe In Rev. Hod. •'hys. 9, 311 (1937) were reported by: 

11 IS 

JScuert ; Tirohner and Eeuert • oilphRnt, t rap ton, an* 
ntherford* 3 ; !>ee and Gilbert^; nl Ecndercon, 7 ivingston, 
a<5 L' wrenoe' 1 ''. 

Legonanoe "hentreena 

It certain proton energies the probability that the ex- 
citation energy of the anapoimd nucleus A# close to one of 
the juontac state# 1# high. The prob ability of the formation 
of the compound nucleus, therefore is greet. Nwk r condition 
Is o lied re go nance . It correcpondg to the €*xeitotlon of a 
aechmloal ayatea rhen an iwp^cBced force oscillates ^ith a 
f equency near the mechanical reaommt frequency . ~ >J 

Rtsoa neec my be observe ! In several wy*. ne way la 
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to note the disappearance of incident particles, that if, a 



peek in the cro®a*se<5tion for capture. Mother method is 
to look for increased effect® n^»o<jiat*4 r Ith the formation 
of • compound nucleus. These would be & peak in either 
gamma emission or production of some other particle t ten the 
incident particle ouch «• the fp-«), (d-«0, (p-n), fn-p), 
etc. Still another method in to observe anomalies In the 
el etia scattering of protons of which more will be on id 
in the next section. 

If gftMr rays only ? re observed, I.u. m vy partial* 
emission in impossible, the quantum (or excited) state in 
c lied o bound at; te. If particle# rn be enitted (p, * , or 
n) however, the state la o lied a virtual ate tt* hergy 
level# in light nuclides f re beginning to be fairly well 
£novm ( nl h^ve been reviewed * nd muasaarised by various 

writer*. 17 ’ 18 

19 

Devons states that observation of discrete resonances 
in nuclei of £>3Q la not likely since the proton energy for 
appreciable yields (~3 Jiev. ) corresponds to ’n exaltation 
energy of the compound nucleus in cxceoc of 10 Hev. »;t which 
energies the level spacing of quantum states is prob' bly lent? 
than any energy resolution experimentally attainable. 

’’he mean life of an excited state is related to the level 
width by the uncertainty relation: 



”*hl# rye that well defined strtes h?-.ve long lifetimes, * nd 




where 



T r level width 
T • mean life 
h 3 Planck *» constant 



a 



■ .•* iwM . MWUftMi H <*»>■ " ' X I Ml •Mi 

«> >mum '•low fl %M 1 MW I Ml <1 MM 

Mt ft >• tmr*l »Waftt« Hr mil •« Mt ft* 

ML* •- U* in *4 •".ii 1*4 u • «fc «M.r UM ^9 

«i* Ml Hlli»#i »«m4A •*. |J Wrw itftfMi till* ,»J« 

liw 4 CJla» • *■***! mm SI u»**w> |« %al 

MM |#|« 

U K *Aftf 9 t0Wi4» «* i^m iiih •«« !l 

i* « M. * Mil . *»f i»U »• %l « >toi 

W , t «l % 4 **m W 4 | VI *J n • • 

wm+* ftfeUi' - #i MMi mi# r| 

livti'K* •# M r* 0UI « fmli M |ff»# 

iMif ## ftoJnan to# imiM* M vm •» wi 

■ l#T fct mml Mlll%| 

«il 1 * r>i | 0 bJ H -m p 4 toJ ■ »» t lto » * ## * 

Jrr#l «r. a» <*n if ***• mu * si ru mm *> 



conversely, -Itfe the high exalt* Mama neoeeparr for heavy 
ncalilea, the levels Imm m m winter tiun the mpna interval 
between neighboring level o. Proton resort* ^ net* huve been ob- 
served only for nuclei of Z to 20, the prooeseea observed 

were fo,**), (p,*) nd el at la a ttcring, 

SO S3 

Ptwmmm nd Baxter found f p®*>< > ref?unonoc<* In !*a et 

proton energies of 590, 730, 000, m/B 910 «**• wibte Q a £.14 

lev, rnd Al £7 »t proton energies of 650,*\~0, - ,; nd 920 iTev. 

r 1th Q s 1.38 Hev. 

Keaoaaaaea in £ 41 due to proton borsb rdisent of A 40 h?ve 
been reported by Broatr/ia, Hung, nd tooh^ *,« follows: 

P n fa sv. ) 900 1050 1000 1100 1236 

7 - y o c.2 0.4 0.5 1.0 0.5 

where y - y^ a difference between resonance yield, y, In 
coante/ jXG m and b Mjpreeiavi, y 0 , ^hloh « a t-buut 0.1 for oil 
re son -nose* 

Proton eastterlh? experiments using the V*tn dc Oranff 
generator «a e source provides a me na for Initiating reson- 
ance 0mmmmmrn ebaerrn* -.ion of these fnrniehea information 
on th« exalted of ten of the ooeipotinl nucleus, of the 

reeolt* obtainable from the study of resonance r»e ore: 

(1) .'aerify of excited state a, 

(2) Vena life of exalted states, 

(35 Interference between exalted ate tea, &.nd 
(4) Kodes of decay of excited states. 
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io stated ia 3©otloa II. el atia <a*fc.tt«rli*s; ©astir » 

when the fcinetlo energy of the eyateai l* cs©n*€rved* Tor n 

pare Coulomb potential, T(r)«i* futherford derived froi* 

r 

partly ©l&eeia' 1 aoaalder^t lone a formal* for the differen- 
tial arcs a- seat ion: 



where 0 « cantering angle (deviation) 

« - eleotronla charge 
s m estoiaio r,i>. of incident per tl ale 
Z m fctaeio no. of too tiering noaletie 
£ s kinetic energy of incident partial© 

Being i long reaft type of potential, <7^f©) le strongly de- 
pendent on the rngle of scattering. fl pM £ t« « plot of 
the f •' otor : 1 showing that Conloiah fPatherford) 



where r 0 la & par 1 meter whioh limits the Cioulosab fora©* 
■ ? <aoh a tiodlfled potent!? 1 actually exists for ohargeft p*ar- 
tlalea scattered by neutral i-toaa« ‘’he eolation of thie 





•nattering io aostly in the font r<9 direction. 



, r < 

j-ande treat a the problem fr«a ft wry© neabanlonl 
point of view where « mdlfled 0>nloab potential” 1« con- 
sidered as a perturbation. 



he modified potential 
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hen r 0 = oo , Um* fariaal •' is the «bm »• the Rutherford 

formula, but for finite *^,<£{0} rent Ins finite at©- 0. 

The r*hoT« formal? « **r roly for mattering of protomi by 

large nuclei but not for protan-nroton scattering flue to the 

'ex oh? nge" for ore between lifce p»rtlol«!i# 

The differential oroae-seotion is a r?tio of the number 

of particles scattered per unit solid angle (steradlsn) in the 

direction © to the nnoAie r of incident fart Mica per unit area. 

"he nuffiber of parti ole 9 per unit solid ingle, n{0), scattered 

in the direction $ is therefore: 

n(0) - (0) JTM* that multi* 

nle as?' tiering is m> IX and 
th* t the »e«ttcring centers do not shield 
one another.] 

where n ( s IniMi 1 ! no. of incident particles 

8 s no, of scattering per unit volume 

t - thiuhneee of scattering medium (linear naita) 

In est lasting aros <*-<?« at ion for el atle scattering three 
f«otor» oust be o moiuered : 

(1) ifodifla tlon of the incident beft» by the Coolosab 
field before reaching the nuclear forces* feather- 
ford scattering. } 

(2) Potential scattering by a Bpealfltv lly nuclear fiel^ 
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of form* 

(3)4catterlng in which * ouapound nucleus Is foraed. 

Using the " uthcrford formula nfl aasmaing our detect-* 
ing apparatus count® scattered protone t o one tfcfit ingle, 
6 Qf fro* the incident beats, re mm plot the ms* of sot ttere^ 
protons a* function® of beam energy. Using arbitrary emits 
for counting rete of 100 protons/®##. at t.n energy of 1 tier, 
the relation la: 

fi(f) a 100 fprotans/sec. ) 

s 2 

"'hie carve Is plotted in Figure 3. 

Aaoaallc* or deviation# trout the counting rate predio- 
ted by the other ford formula will be foond for certain en- 
ergies of the incident article depending on fsotors (E) 
ad (3) rbeve* If the energy of the incident proton nine 
the energy of the scattering nucleus is equal to the energy 
of one of the q-ientiu states of the compound nucleus, ano- 
Melon c scattering will occur, siri 4 states that anomalous 
scatter Ing that increase® slowly rith increasing pr-rtlole 
energy indicates penetration of the nuclear barrier: *nd 
nnoaa loua scattering that Increase# r&oidly to a muxImmi 
nd then decrease® r a the energy is further Increased In- 
dian tec resonance scattering* 

lleaon&nce .t oo t ter in,? . 

In order to see what these anon* lie# in Futherford 

- 13 - 
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scattering consist of, it is necessary to look at resonance 
scattering and nuclear potential scattering* ^he former oc- 
cars when the compound nucleus is formed in an excited state, 
the latter occurs in that region where the nuclear forces are 
felt by the incident particle but without the formation of a 
compound nucleus. For protons on nuclei of such heavier 
mass, nuclear potential scattering can be considered as sraall 
compared to pure Coulomb scattering. For neutrons, however, 
potential scattering by the nuclear forces is a Isrge factor. 

Feshbroh, et al. 23 using Breit-*Hgner theory, develop 
a formula for el stlo scattering cross-section near a reson- 
ance level for particles of flngulsr momentum zero (1 » 0): 



where: r partial level ( idth due to the rer lesion of 

a n particle like the incident prrtiale. 

p. totsi width of resonance. 

a = nuclear red las 

Eo* energy at resonance 

X - energy of Incident pertiole 

A a deBroglie weve length of incident ptrtiole 

The first term between the bars represents the resonance 

scattering, the second represents the potential scattering. 

If only potential scattering were present, the scattering 

cross-section would be given by: 




2 




which is the scattering due to 
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©n i&penc treble cnherc of tritium p* 

It notenti-l scattering in neglected, the cro#i»-wotl©jn 
become© that due to » single remn nee level: 



<T s 
rec 



r B 



4(E - 2 0 ) £ ♦ P'- 



Since the a&gnltude of the potential scattering depend© 
on the term: it oftn be »(HHl that it is negli- 

gible at low proton energies fine to the increasing value 
of A* it croton energies shove C,7 0 lev. it doe® become 
appreciable; the nuclear r dius for A 40 ooj&outed from; 

o *s x xo ^^orau is: a - £.1£ x 10* cm, and 

-12 

A - 2.91 x 10 a®. for & her. proton from rhich the value 

of *ln(%y)ln Q.SM rad 0.70S. 

The combined ef feats, however , include cross-term® 
which represent interference phenomena between resonance 
nnd potential scatter! Ag m At certain phase relations be- 
tween the two waves, destructive interference occurs and at 
others, constructive interference occurs* 

If there ore only two Possible outcomes of a nuclear 
collision, for example, re-emission of the incident particle 
or formation of a compound nucleus with emission of a differ- 
ent particle, then we speak of partial die Integration con- 
stants, xuO P . These ore partial level widths! for the 
two competitive processes and the total level width is 
simply: 
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If, however, there ere ether possible r<?eye for the compound 

nucleus to break: op then the tot* 1 width is: 

r : [ ^ ^ 2 r , ’"here jT refers to all the other 

« u x x x 

possible modes of diaintegrat ion. 

For the reaction, 

u + A + b 

the Bxeit-'Hgner cross-section for emission of particle of 
type b is given by: 

c r z _ - i a l"h w 

^ l> 4(E - K 0 ) 4- r 

This assumes zero angulsr momentum of the compound nucleus, 
i.e* 1=0, &n<! neglects effects due to spin of particles. 



Interference between He son no e P cat ter in;? nfl Coulomb 
Scattering. 

Detection of resonance scattering in the presenoe of 

strong Coulomb scattering msy be extremely difficult. 

19 

Devons gives a very simple method for estimating the con- 
ditions under which it is possible. 

If we assume that no other process than resonance 
scattering h s coamcrnble nrobability at resonance then we 
may set r 41 FI *** E * E 0 . The resonance differential 
eroaa-aeot Ion then reduces to: 
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This neglect® rngolrr of the eotarsonnd state end 

intrinsic mygal r rsnmenta of the initial nucleus Mid in«i- 
’.cnt proton* A ® pin-ato 1 1st 1 ml of order urUt?, g, 

1# introduced b? Ternil , viiu, 

g 9 ^fl - y- j , where 1^ * egMta ef scattering nucleus 

X A ' X s sr>in of proton 

nd spin of the ooaponad nuoleug, 1^:1^ tv*. 



hen, the rcgoaanoe oroe«?» sect ion is: 
e 2 

0- S P > —J3 

res £ »$ 0 

!l* we tentative values of & re: 
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'■’he ratio of re eon* nee ao'tter Irvi to Souloiab eoatterln^ 



resonance it then* 



(T r ^ 



= <?• Ji laal 
z 5.5 x 10 3 -.J!yL 
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where a » rc- 

dnoed aeae 
of proton 



V rc - 

ttQML' not? 

energy in 
Vav, 



In practice, 

. r r u 



this r- tie will be farther reduced by a 

the level width, J” , ia lean than the 
* r 
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energy spread, £ f, of the wm -tiered wotonip, JNhmww®^ 
poLnta oat fch’t re*cm&Ro* *a" tier tn,? trill he *aor?t re.-dlly 
*$*#«*• fed* for tm*ll *>, l'rge M**%orlftf *«#»# (~180°) 
f fii for energies! 3 for whioh the level % Id sb (strongly dt • 
pendent on 3 doe to harrier penetration) la ooap rahl* to 
the cxocrieientel re eolation * n‘l ye t not »o lrrgt that die-* 
arete level structure di*ftT>*e»ro, It ia Ivo n-eccfsrry to 
eaptme that there 1« no other proof** wore probable then 
elsstlo ».3&tt«r ing* 

or proton energy, $ 0 « 1 JSev*, mm s ,«r i/ig **gftjr 0s l&o°, 
oeing srgon s* the setter Ins nucleus, & a 10 , the ratio 

beooaea: 



In othtr word*, If the energy regulation ehmild he tmoh 
o# five time* the level ridth, the ratio of »' xiwm remit- 
anoe Bantering to Coulomb »<j»tter log fntgleoting other r»r»^ 
aeeees) would at ill be about two to one* 

■3* the *« ‘orgmla * 

3*th« derived on exprenalon for the ratio of tot' X 
fettering to Coaloab eaatter lag nv&r s single reaonnnoe 
wtloh Includes provieion for total ifltml r jaacaantna r<nd 
*pln of the soBttcring molests r n\ incident n rttole : 
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where: <r s total scattering cross-section per unit 

solid fcnKle 

<T C a Coulomb (Hntherford) snorter lng arooa-seation 
2 = total rngal r quantum number of the compound 
nucleus 

1 z apin of scattering nucleus 
a - spin of Incident prrticle 



x - 

S = 




f = 



r 



pp* 



(i - 



r T 



energy of incident perticle 
energy at resonance 
total level width 



zfa 



aln 



orrtial width of resonance level 
( corresponding to emission of the incident 
particle ? with the scattering nucleus being 
left in the ground ets^te p) 



^ - oc log 

0 s scattering angle In center of ■*•«£ coordinates 




v r velocity of incident pMtUle 
Z - atomic number of aortterlng nucleus 
z a e tcuatc number of incident p rtiole 



i 



h ( i^le naX * s cons tant ) 
Ktt 



Toee 23 puts the equation into slightly different fora: 



n = i * 


f 8 f 2 ^ «ln§ + 2f t s co3§ 


1 f X B 
(T~Y \ 


where ^ z 


(2J *- XI /tj (-2S j «ln 2 (|)?y 308 ^ ) 


/= 


,; e = y rr 



fa 

£ = *log sin 2 (|) 
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P_( cos & ) - L egentlre polynomial of order 3 




If we assume that the only energetically possible pro- 
cess other the n scattering of the incident p- r t icle Is gam- 
ma emission rnd since radiation widths are negligible com- 
pared to particle widths, especially for light nuclei, for 
ell practical purposes v?e may take. 



^ith this aasunrotion the constant a for Bethe’s ratio h r Ye 
been computed for the particular experimental arrangement 
need for the present problem of scattering of protons from 



crenoe 24) , 

3 = 1 : 1 + 0.324 (2J + 1) ( 0, 260 + 1.062 x) / (1 + x £ ) 

<T 0 

If we eseume P - 50 £cy. , then x ^ 40(E - E )• Using 
r 

this value and J ; 0, the above ratio ia plotted in Fig. 4. 
This curve 3 how» the general shape of an anomaly in the 
Rutherford scattering. Zfaturally, this anomaly will be 
superimposed on the Rutherford scattering curve which ia 
plotted in Fig. 3 for arbitrary units -'long the ordintte 
using 100 at an energy of 1 Kcv. It will be noted that an 
increase in J (higher angular momentum quantum number of 




TTgon p t fin angle of 150°, assuming 1=0 and s *7 (ref- 
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oompound nucleus) serves to increase the ta» gnitude of both 
the positive peek nd the negative peak, but does not change 
the spread between the perks. In other wo^fls. ^he «nowly 
is ah; rpened* 

1 

'the plot of , ■' , in Fig* I shows the strong deren- 

ain (f) 

dense of Fiutherford scattering on r.ng le nd o on n« quently the 

advantage of using m fugle near 180°. it f*ill be noted 
o 

that at an en^le of 90 the scattering is feliaosfc four times 
that ot 150°, whereas at the latter angle it is only 1.16 
times the :rue book scatter at 180°. 



evel ■Udtha. 

29 

T ?ose r-,iaQ gives a method for estimating the level 
width from experimental data. *he maximum end salnimum 
scattering ratios are given by: 



r 1*£ 



n f (E l 2 ) b 

1 f i l r 






- 



where b * 2 fooe£ 

t Q s resonance energy 
v - 2 - energy values at 
A * maximum md minimum 
v lue s of H 

1L g s maximum nrt minimum 
A **' values of R 



oinoe the only unknown is the level width cm be found 
from this formula. 



Also the level width without Coulomb barrier may be 
found from: 



r. 



a p 

r 



where 3 z level width without 
7 Coulomb barrier 
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P la the penetrability c* Isolate ? from ^ell known for* 

27 

amine by Bethe . ’oae r l»o jlveo « simple method of de- 
termining 3 if interference scattering la neg looted at 
the extrema of the anomaly, The extrema are also given 
by: 



- 1 4 

K 1. 3 - 23^ 

combining. 



end 



«\ I 






(**;*) 

where e -f f i f rin J 
b • 2fj ooo £ 



end since P la Iso given by definition to be: 

m\fi ' 



p- (ej + i) (#)( r ) •^dK 1 — 61 



where / - — 






the only unknown pr.rftuctcr l. 1 ? J, 

Keaononoe energy always* le» between the extrema. 

The BTiximtia error therefore in taking It tc lie tiidway 
between would be one-half the separation between extrema 
or about one-fourth of the level width, The effect of 
straggling, l.e,, beam spread in energy through the target, 
in shifting the higher extremra toward higher energies and 
lower energy extremum tow r rd lover energies, thus inar eas- 
ing their separation by cbmt the straggling width. In- 
creases the uncertainty in the resonnnoe energy by *■ like 
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Heccnt Experiments, 



Two groups fit the University of ’isconeln h^v© re- 
cently demonstrated the power of using el' Stic scattering 
to investigate excited levels in light nuclei. 

29 

Bender, Shoemaker, t&ufjaann, rnd Be nr icing have in- 

vestlgated the 995. £ev. resonance in Al*" by means of the 
cl stia scattering of protons. "”he variation in scatter ing 

yield is in very good agreement with the above theory near 

24 

the resonance. Hustle scattering of protons from Mg was 
investigated throughout p range of proton energy from 0.40 

to 3.95 Mev. by Mooring, Chester , Ooldberg, Srxon, and 
30 

Hofmann. Anomalies of varying shapes other than the type 
shown in Fig. 4 were discovered. The general discussion of 
the theory of such anomalies has been mede by Ltnbenstein 
rnd Lsubenstein* . 'his the iry inclndes not only the Inter- 
ference cused by plus© shifts induced by energy levels of 
the compound nucleus but clso that due to the hard sphere 
type of scattering. A vector method of analysis of anomalies 
is given which enables one to calculate the shape of anoma- 
lies breed on an assumption of the to tel angular momentum 
of the compound nucleus. ~he predicted shapes for the 
various arbitrary values of J chosen c- f m be ccmp'ared with 
the curves from experimental data. The "best fit* then can 
be assumed to yield the correct v* lue of <J. 

In a later firtlcle Kbe$ter 3& gives c fairly complete 
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£4 

analysis of the resonance s found in Kg hj liooring, 

'C better, et Hi* ' long ’the line of the theory just faen- 
t toned. He points out that the parity * of the exulted 
nucleus le related to the parity p o r the ground state of 
the target nucleus by the expression, 

? s (-IT p 

where 1 is the orhttol engtil r aotsentua value of the inai- 
dent proton with spin v lue ?h« vrlue of 1 is given by. 




for target nuclei of soin aero. ^inoc the qualitative 
shape of & resonance a nearly depends strongly on portion- 
lor values of J and L, the angular aoaentua »nd parity 

number of energy levels o»n be determined* 

40 

Since A is i nucleus of aero eoin, it sfetlafleo the 
requirements of the above theory* 

Ve have seen that the following tnforwatlon onn be 
obtained from m analysis of anoaPlleo in el' stio scatter- 
lag of protons on nuclei of spin soroi 

(a) energy levels of excited state a of the compound 
nucleus, 

(b) Angitis r xaottentua of exoited states of the com- 
pound nucleus. 

t j) Relative parity numbers of the exulted states, 

(d) level widths of the resonance!!, end 
{«} level widths without Cotiloiab barrier* 
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F,«ohnnlo 1 Itarts. 

"he &pp&r&% lie originally designed by CoaRsamler w B. 

33 

Chilton , U.S • 21 b vy, during hie g radsate *ork at "he chi© 
State University is shown in Fig. 5. It o»n«i«ts of five 
orinaipal p rts: fl) a connecting piece which attaches to 

the enl of the proton tube in the eagnetlc t nolyeing sec- 
tion of the Tan de Gr&aff generator; (E) the ben® colli* 
aotor which restricts the proton beau to a A 1 master of 0»X*’ 
r al directs It Into the reaction oh-mber; (3* the rtaotior^ 
ahaaber which serves also aa a Faraday ooge. In which the 
proton reaction occurs and the ion current Is collected 
after passing through a nickel foil window; (4) the re- 
lation oolliaator consisting of three oolliaear ports, 

0.06 " in dlaacter, nlligmd at a laboratory *ngle of 160° 
frosa the proton beam, nd which serve to define the t*r,ret 
area end to align the scattered particles entering the de- 
tection chanber; end (6) the counter itself, which is a 
typical g-o-f Hied proportional counter collecting Ionisa- 
tion pulses froa the aolliiaated bean of relation or scatt- 
ered particles entering vi the ^t r ction colli®? tor. "he 
last of the three ataali 0.06" ports In the rejection colli- 
Bjetor is jMtjh: nlor lly integral with the proportional 
counter , being in the end wall of the sensitive ohsusher. 
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'This end *»11 of the counter ©Iso serves as *n eleotro- 
ct tic shield between the Faraday orge nfl sensitive vol- 
ume. 

Certain modifications have been made In the original 
design. These include: (1) glass Insulating rings sub- 

stituted for Incite; (2) except for the entry port, com- 
pletely enclosing the sensitive volume with brass to avoid 
spurious counts due to e capacity ”~hich formerly existed be- 
tween the floating end of the central wire - f nd the Far adey 
sage; (3) addition of the reaction collimator end modifica- 
tion of the proton beam collimator; (4) changing oil inter- 
nal vlves to the bellows type needle valve. 

The reaction collimator serves to limit the extent of 
the proton beam from which the scattered protons rre being 
counted. The geometry of the apparatus is such that the ex- 
treme thickness of the gaseous target under surveillance is 
about 1.3 centimeter. ince the argon is under a reduced pres- 
sure of 75 mm. Hg, the e^uiv^lent thickness at standard wre»v 
sure is about 1 mm. 

The counting chamber is operated in the proportional 
region. It ia fitted with a gas manifold providing connec- 
tions to gr b tanka, r ouum pump, rnd mercury me nometer. Tul- 
tiple connections allow mixtures to be used and permit flex- 
ibility of pressure control. 

A nickel foil window, 0.05 isil fchiok et the end of the 
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be'*a collimator provides ft vacuum »e X between the reaction 
chamber &n<l the T^n d« drataff victims jy stcia. " , hi» foil la 
designed to withstand e pre satire of one otta© sphere &gt inst 
the outer aide; but a actual ©per 1 tion n> taoTe Shan 250 
vm. Hg is «t«t necessary since a ye Mats arose connection 
permits simultaneous evacuation of oil p*rto of the apwr.r*- 
tus. after the vacuum is obtained, the reive in the crocs 
connection ©on be cloced thus isolating the manifold find 
counting chamber from the Tan de Oraeff v ouon system. 

The central wire of the proportional counter is a 5 
ail nlo&el wire supported at the free end in a gl sa capil- 
lary bulb enclosed in a polystyrene mounting. ’he other end 
passes through a Stupefcoff seal and thence to an araphenol 
connector T hich attaches directly to the preamplifier. 

Electronic Apnert-tug 

The preamplifier is an Efcoalc Instrument 3o. ?r«ari»li- 
fier 205-3, originally built tc be used with an ionisation 
chamber with a time constant of £.7 milliseconds. 'he time 
const nt hr> a been changed to 7.5 micro second a to m&tee it ap- 
propriate for use with a proportional counter at fast count- 
ing rates. This instrument h^e two stages? of amplification 
end two cathode followers incorporating inverse fee^brch to 
achieve a high order of gain stability, "hilse aiaplifioa- 
tion is fixed at approximately £0. A special high voltage 
coaxial crble was built to allow voltages up to 1200 volts 
to be isepreased on the central wire of the proportional 
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oounter. Filnoeat *nd plats voltages are supplied by a 
IfeOdcl £04-3 amplifier built by "ton l a tsatraiMMit Co* 

The output frocs the pre-ami If ler I» fed to the Model 
£04-3 Liam Amplifier. The gain froa this Instrument la 
not too essential w hen used with the 203-3 fcrr- mil fieri 
the as apllller Is a eel ns a pulse shaper and Aleorlalaaior* 

A pulse aaslita&s diaor trains tor passes all poises rsseivsA 
ebove that voltage set on the fllsarlralmtor Alai* Linearity 
of Alai setting la better than Z frea 0 to 100 volte. Three 
different rim tlrses i re provided: 3, 0.8, and 0.2 raioro- 
eeoonls with Aeoay tlraee of about 25 , 4 , and 0.4 talaro- 

eeeonds. Cut pat from the dissrtalRator is a constant 10 volt, 
0.4 iiloroeeoonl pulse *hloh Is fed to a Hod el 1030 A tools 
Inatrncient Co. Sailer. An ossllloeaope le o aerate frota the 
high level otztpnt of the eaollfler. 

High voltage power for the central wire of the promo- 
tional saunter la obtained frm ft Ho&el 1090, 5000 volt Hag- 
ulated Sowar Supply built by Thaalear Instroncnt nd Cheniaal 
Corporation. Ihle power source o n supply either .positive 
or negative voltage frora aero to joint lams value with repul a- 
tlsn to within O.OE^ of output voltage. 

/ sensitive Integrator is nonnested to the fr-rv^a? asge 

to determine the total proton Ion ohnrge oolXested. This in- 

54 

etruraent was desigae* ami built by v. r. 1. Boyac" Aur lag 
his graduate worfc at The Ohio "tate University In 193$-19S£* 
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The Integration Is* a ocoonl lathed fey collection of oossitive 
oberge on * special polystyrene condenser having a capa- 
city of 0.932 microfarad, which ie charged to r negative 
potential of «bout 10 volt®, the exact value mat fee 
measured sis the charging battery. The Integrator has a con- 
trolling relay which operates the scaler m that it regis- 
ters only during the integration period, The instrument 
may be set to operate for several different specified 
cycles of charge and discharge of the integrating conden- 
ser from one cycle to 24 cycles of operation, depending on 
the Intensity of the proton beats. One cycle of the inte- 
grator will fee equivalent to e charge given by the follow- 
ing expression: 

Q • CV - Q.982Y where V - battery voltage 

in aicrooouloubo 

If the battery is exrotly 10 volts, the charge will be 
9.62 miorocouloafes which is equivalent to 6,13 x 10 13 pro- 
tons. ^he design w a each that one cycle would be approx- 
imately equivalent to collection of 10 raicroocmlonbs or 
13 

6. £4 m 10 protons. /- counting period of ten seconds 
""ould therefore laecn a bean current of 1 microampere. 3he 
error of the integrator for ion currents greater than 0.06 
microampere due to lector ge ia less then - r*. For «§*ar ing 
voltages of about 10 volts the error in collected charge 
due to leakage is therefore leas than - Q.l f . For rum of 
length greater than 10 seconds fi.e. currents loss than 1 
microampere) the error due to relay time is leas than O.S* f . 
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The integrator apoe&rs to be dependable to within * 
for ion beam our rent a of 0.06 to 1 microampere. 

The electronic snd g & filling systems fre shown in 
Fig. 6. A positive potential of *30 volte is maintained on 
the insulated connecting piece to prevent seconder? electr- 
ons scattered from the firet port of the bene oolli&etor 
from being collected In the Parr day cage and thus giving an 
erroneous integration of bei-as current. 

0 llbration. 

The proton energy resolution Is determined by a 1 tara. 
slit 70 ora. from the center of the magnet pole faaes, The 
bean &t this point he been deflecte 1 through an angle of 30° 
fro* the neutral beam axis of the Van de Sraaff. The reso- 
lution 13 calculated a« follows: 

Let L s Length of magnet pole face 

r s radius of ara elong which the beam is de- 
flected between magnet pole feces. 

A - angle through which beam is deflected. 

Then, L - r sin A 

IS. I -cot A dA 
r 

dA = 0.1 era/ 70 cm. ; 1.43 z 10 ' 

Therefore, dr/r z -2. AO x 10~ S 

neglecting the variation of the magnet current, dr/r is ap- 
proximately equal to dE/233 alnoe r is pronort lorrl to le. 
U3lng this approximation, 

Af/t z 
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or at an energy of 1 J£ev*, dl - 5 &ev. 

?hc magnet we a calibrated tor this* silt catting on the 
0*873 tfev. games resonance of F^ 9 u.?lng g IIP ter get* 

JiK.pl if last ion factors for the gat amplifier *; ion in the 
proaort tonal coaster were obtained by a** tag ^n internal 
source of «lph " « consisting of a thin layer of polonium 
an It evaporated on a tantalum disc. ?hia v <? inserted in 
the target mounting* "he counter <? filled with various 
ore 8 sore a and at each one the central wire voltage was 
varied* J*ulst sizes were determined by observation on an 
oscilloscope. In eatnsl practice, the p-ilve size was win* 
talaed constant on the screen of the a esi lion cope by v« rjr- 
log the gain on the linear amplifier* 'he reference point 
»* 8 taken e» that gain necessary to pro duo*? the pulse 
height with the counter voltage so low that Hsnlif lost Ion 
wee essentially unity, i*e*, when the counter was operating 
lo the ionisation chunb er region* ftralprooult of gain set- 
tings for a given constant pres sure then bee me the relative 
amyll flout Ion factors of the counter tube wseaiaifig the gain 
setting for the ionisation region represented rn nmplifi- 
cation of unity. Curves of amplification factors are plot- 
ted in Figure 7. 

gin 

A discriminator carve woo ran on the internal Jto** 
source. So t* are given in / ble I, end "he curve ie plotted 
in Figure 3. 
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Since the target for scattering trvm ergon lv « ^*0- 
eoua target, it w&« neceacar/ to reaort to e atl rver.eor e- 
sent! of the geometry of the relation Yolnrae to determine 
the target tfela&aeaa fro® s*hl oh the energy spread in the 
t&rget woe computed* Similarly, the Aistenoesf^on target 
Yolame to sensitive Yolome of the counter were measured* 

These (U stances are resorted in Table XI along with other 
•xieriaeatal acasureaente. 

The a >11 A angle t the react ten subtended by the 0.06" 
entry port at the counter wall t?r* nctsantefl to be: 

A a - — ste radian for the man diet once of 7.55 on* 
3144 

from t&rget to entry port. Vince the entry port h* t* a dia- 
meter of 0.G6" or 0*15£ on* the oosrtttat Ion la: 

a* o ; ■ISiMi.lL'iL. = l nmmtrnm. 

4 x (7. 55) 2 3144 

From the geometry of the reaction coll it#.- tar the parallax 
ttbt ended by the target ic computed to be: 



40. * iislgfL.. - 0.0663 rr 1i«n 

1 — w 

The Y^riation in scattering r-ngle (laboratory eyutera) is 
therefore. 
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M he laboratory scattering **agle i* then, 

© 5 160 3 i 1 . 9 *. 



B ,:Xo tMi«l tiQ.T?* 

The conversion of scattering tagle f-o the labor a* 
to ry system to the center of ra sa system Is i aooisnll^hfi^ 

by he relation. 



0 * © + ^rocla 

osa 



ft “* e j 



where© 3 scattering single, center of mm 
0 ® 
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scattering angle, laboratory 

M - of proton 

? ^ 

isr.ra of coatler irsg nucleus 



nbatifcntlng vl««a for tacsss of ergon nnc lens end labor- 
* ry -ngle. 
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The rc^o.oe^ bum? of the proton for elastic collision 
rlth un argon fuidcm is: 



Va 
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s 1.642 X X0** a4 



S 0,993 M 
gross* 



Energy conversion froia the laboratory system to the center- 
of Hanes ayatea i« given by: 
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In order to determine what the energy of the proton i» 
at the eoetterlng nnaleua, It le fl«?ae®3f,ry to stipulate the 
lo«e la energy of the bean while passing through the nlofeel 
lndo~ nl the filling ga® between the r lad on* end reaction 
volo&e. 
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Shilton tee aonputed the energy thlohaea* of the 
0,0000b" nlcfcel foil window for virions energies of protons. 
She energy of the bean aimi® thl# v lue 1st the net energy 
evs liable la the retotlon etember at the window, Shis? tea 
been plotted o» Carve I In Figure 10. 

In competing the lone In energy lae to passage through 
the filling gae, we mka u&e of he range table® for pure 
ergon teased on experimental Mvi theoretle 1 consideration® 
by Slroohfelder and Hagee 3 * 5 . "fhetire data re plotted a® a 
range ourve In Figure 0 m ~*ht pro senoe of IQ'* C0 g i® not 
aonaldered to of foot the oor reetneee of the oal eolations 
owing to the unocrtalnitlee of the b »io data rad the In- 
aeonraoie® of iseamireoent of the dissension® of the appara- 
tus. 

l^r therefore, She presence of lOf CO* i«j not considered 
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to have finy epprea table effect on the intensity of Coulomb 
scattering Int amah ns the cross-section for this type of 
scattering is proportional to the fourth power of Z. The 
overage Z tor 0C 2 la 7,3 while for / It la 10, he ratio 
of cross-section flue to argon to that ue to 10, ( bailed on 
90$ A, 10£ CQg) is s 

s 19 X 0.9 a 9.45 x 10* „ goo 

<JC0 2 7.3* x 0.1 187 

In other words the maximum error In neglecting the 10- C0 £ 

is r.bout 0.2 \ 

iPe «ioy proceed to n ol aulatien of the energy loosen 
in the various portions of the reaction and counting cham- 
bers using the experimental measurements nl the range 
curve for argon. he filling gas 1® at a pressure of 75 urn. 
Eg so all range me* aureiaents must be reduced by the factor, 
75/760. 

Table iri Is a computation of residual ranges and oor- 
reenoading energle® in * rgon at the extremities of the re- 
action volume for various initial beam energies. The dif- 
ference between thece energies is the coread in energy of 
elastically scattered pro tone due to thio^nesa of the 
gaseous target. It is one factor in the experimental res- 
olution. 

Tbblt IV is a computation of residual nngts and cor- 
responding energies of elastic' lly scattered protons upon 
reaching the sensitive volume of the counter. Tie spread 
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In tfaeee energies is r measure of the different® in pulsse 
sires produced toy the proportional counter. It will be 
noted that a lerge spread in these energies will ^ive tin 
apparent increase in counting rote eo energy it? increased 
*bove the threshold energy for counting, contrary to the 
theoretical reciprocal relation of Coulomb ooatfcering to 
energy squared (Figure 3#) ?hat is, the counting rate will 
Increase until the entire spread of elastically scattered 
protons are entering the proportional counter* '’hie occurs 
v?hea the scattered proton hha «n energy (laboratory system) 
of about 535 key. fhia value ic arrived f, t by talcing the 
distance from target to a punter {see Fig. 9) which 1c the 
range of the minimus energy diioh <sm .Just reach the counter 
or 615 kev. and adding the straggling of #20 key. 



aple Oosnatatloa for ' ! ble ITT* 



Be&a energy 


1 Mev. 


Bangs 


2.35 as. 


Loss in Ui window 


•0.145 !'«v. 






* at Internal face 


of 3fl 0.555 


T e Mgs 


£.03 on. 


letenoe to rerot ion volume : 






if'iaiEfllSB 


1.30 oai. rqulv* lent 


T;r»nge 


0. 120ouu 


Mexlaaa 


2.33 


** 


0. £30 


Resided r^nge*? of 


el Stic lly protons 






lit ximui&, 2.03 


- 0.125 r 1.90 cm. 


Energy, 


0.820 Mev. 


flnlHUiiB, 2.03 


- 0.230 = 1.90 OK. 




0. 792 * 



Energy thickness of target, G.0E9 TctV* 

Average energy of «l*etl«elly scattered protons, 0.8G6 
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Sciaolc Quantitation for ?nble IV. 



Reaction ranges ana energies: 
Maximum 
Minimum 



1.90 eta* 0.020 !*«▼• 

1.80 cm. 0.792 w 



R S 



Distances to aenaltlve oolutae 

V' xit'jiia in. 4 it*. 

llniiaius 9.4 oku 



Kg a iv? 1© nt r » nge 3 : 



1.029 ota. 
0.929 ota. 



Residue 1 range a pad energies in 
Hex lean (1.90 - 0.929) 
Minimum (1.30 - 1.029 



co ante r: E 

0.97 on. 



0.77 eta. 



0.513 Her. 
0.427 M 



1 



preod in range 



* ' in range, 

spread in energy, 

ver&ge energy of counted protons. 



0.E0 cm. 



0.086 Mev. 
0.470 ” 



Spread in actual distance travelled in counter, S.13 cm. 
?hl» is the worst possible condition rad not the raoet pro- 
b ble. ?o err ire at the most probable spread in energies 
end therefore pulse sl*es and energy resolution, we may 
treat the subject completely »s r straggling problem. 

^raggllng. 

Be account has sc fer been tohen of straggling in the 
nlo&el foil or in the filling gr*s, or of beam resolution 
due to slit width. 

Straggling in the niafcel foil and argon g* a has been 
treated as for as present theory permit s by Chilton 33 who 
h?s computed the straggling for the particular q; ce from a 
formula credited to :a#Lsen and Ten* teawarla • 
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*fi» ► « 

•* ^ 4^ a ♦?# to « fito 1st mitt «jr 0 ] ««uii -p» 
a 1 *' ## to k-i»* Vtoli ton* c« to »» 

• mrff « m atha *« n| Mlfjym M hiw» 4 *# 
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where 



ri - 9t>ndrrd deviation in «mr,^ lot??? (ergs) 

U - »ai#fct of n«rU«l» (g. j 
t 5 thiknew of ©topping wedlum (g/oar) 

‘SobatUnting data for Hi foil of thla&MNHi 0,00006" 

(equivalent to 1.13 atg/mr) fields: 

SI* - £.11 * 10' 16 eras 2 

•4 » 

s 0.825 x 10 Kev. 

xl * 0.0081 rev. 
hi 

?or the gw a from window to reaction volume the -verage 
diet&noe is 1.82 ma» At also Siberia pres mire one oentt~ 
aeter of the g"*3 is equivalent to 1.78 x lO** 3 g/ois 2 . ^or 
1.82 on. »f gii» at 75 srs, pro » -ore *■© in’ the thlofcm* X? 

to be: 

1.82 x 1.78 x 10~ 3 x ZiL. s 3.20 x ICf 4 g/os*. 

760 

ubg&lbutlag this into the formula we get for the goo: 

^ * 0.143 x l(f 16 ergs* 

* -4 * 

r 0.0558 x 10 rev" 

JX «. 0.^0236 Hev. 

A * 

r « say f aoune from the geonctry of the reaction v©l- 
oxe th«t sore than 60f of the reaction t«3ceo nlnoe la a 
geoawtrio^l 5 O'" rone straddling the «iid-polnt of the tar- 
get. Therefore, if the metrmm energy spread in the tar- 
get 1* £8 3cev. (for onlnltl&l be**® energy of 1 Her.) we 
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ossn fcaaame thrt oore than 60> of the tit cfclanlly m- ttered 
protons will h»ve an energy spread of less than 14 fcev. 

If we consider this rs » form of straggling e »*y combine 
this figure with the straggling flue to the HI window and 
thst due to gf*s between window nd target, and with the 
beam resolution of 5 kev. defined by the 1 mu. slit# 



SI z 



H + £ f E 

slit Hi A 



* [« 





j 1/2 


lo- 4 ! 


1/P. 



(26 - 02.5 - 5.6 - 196} x 10 J Hev. 

V 0.0176 Hcv. 

This is n conservative ▼ lue for the most probable experi- 
mental resolution attained in the elastic scattering re- 
» etion. If the mean *ne rgy at the target is 0.806 fftr« t 
the experimental resolution is therefore 2.2 • 

Ourve II of figure 10 is the mean energy of the re- 
st ion v». the beam energy. 

Curve III of Figure 10 is the mean energy of elaati- 
oally scattered protons reaching the sensitive volume of 
the counter. The sensitive volume relative to target is 
indicated on the rc nge curve of Figure 9. '’his shows that 
an el stically scattered proton with n energy of 0.516 
Kev. will Just reach the sensitive volume at a pressure of 
75 mu. Hg end that a scattered proton of 1.020 fcfev. energy 
will reach the extreme limit of the sensitive volutae. ^incc 
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the Bragg Ionia tton ourve shows that the in' 40 ? ’portion 
of ionisation of a charged pert lode travelllNg through a 
gff» la near the end of its track, th# article o with tm 
initial react Ion energy of 0.9 to 1.0 Uev. will be isost 
efficiently counted at a pressure of 75 NA» B&« Hit Is 
the condition desired for investigating a reponsnoe level 
near 0.900 ilcv. 
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i>osa« of the experimental diff ioultie© encountered 
wer «: (X) use of a nickel v Indent required bean energies 
conoid er ably In exceed of energies desired In the relation, 
(2) requirement 3 of a noderate counting rate necessitated 
s email restricting aperture «hiah oat down Ion current 
approximately to 0*1 to O.B Kiorootmlombe, f^} ft 1 ra®. 
slit for modest beam re so lotion combined with the re- 
atrialing beam perture required *i«e finesee in aligning 
apT^rat a*, and (4) gna pressure in the reaction and count- 
ing oJrmbera h? 3 to be reduced to BO m« (Hg) pressure 
in order to raise the mlniatim energy of scattered protons 
r< shlng the sensitive volume. he extent of the eenol- 
tive volume et 50 no* (%) hr si beers added to the range- 
energy curve in Figure 9 in addition to the delinea- 
tion of this region for 75 (%) pressure. r Ith this 

pree&nre the mlnlnam energy scattered protons, which 
reach he sensitive volume, la 375 kev, , end the energy 
of protons ’ hlah just re«oh the f^r end of the sensi- 
tive volume ia 730 kev. hie me n* that protons which 
* re aoatt erefl with an energy of greeter th ? n 780 kev. 
will produce elightly leas ionisation than those just be- 
low the 730 kev. level, '"’his *‘t*t found t”> be true in 
actual operation; nd oonse taently, fipllfler gain h? d to 
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1>e eet up to about 14 in order that pul»e» would toe large 
enough to insure counting *11 protons? with * fixed bite 

voltage. 

?vto runs were B&de counting the scattered protons 
froa argon s a at 50 ora. (Hg) pressure. Kon 1 i» ag »«fle 
over the r^nge of incident proton energies froa 590 fcev. 
to 1100 fcev. Inclusive. ''he data for this run re slotted 
in figure 11* ""hie curve ehowe e definite rnownly fit 
90S fev. An arbitrary Couloato scattering curve in suner- 
iapoeed showing a definite rising trend ?wny froa pare 
Qoeloab scattering. TaIs oan be attributed largely to o 
nuclear scattering of the hard sphere tyne. 

~’he Gouloab croas-eect ion per unit solid ngle ia: 



The cross-section per unit solid angle due to o hard 
sphere type of scat ering is; 




where fc - jr JUr 2 (ergs) 



Xi» reduced maw of proton 

' _ A 



* 1.63 X 10* 1 g. 




where 
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3b w, the «a;»h«* of ool'.tnte *«s - o”*^ yrtiol** a-'-smtu^ In 

& nolIS rt^l* of 1/3X44 star- ?l*s« la: 

ate) - n 0 3' <T[ i«, 

r her « n 0 - n tikrr r* < pt.rtioie* 

I! a itnwfeer o'* ?• vmm / 

a „hir*&ieaai of target few*** 

% la the onlj pnriK-et-er no x» «n olsh anj tegree of »4><*ar- 
ay, hot tfea ahept of the tearing ’?crj Ion of the gnotoao 
t rg«' la that of ft narrow nmi interne a tlm; » nar- m 
oyXln^er *t an *i*:Xe of DO 0 , 'Tie thi/mos of 

1 i #t aoo . io.t la 1.03 ota*. btet he cffoo* .v* hljkiMOo It? 
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giea fella very close to the experimental curve obt? ined 
except for the anom'ly. 

From a calibration ran on a X>iF target the proton en- 
ergy fit the cross-over of the anomaly is 303 kev. Exper- 
imental resolution of only about 20 kev. prevents an fiecurate 
location of the maximum end minimum points of the ano- 
maly. 

This result agrees well with the resonance level of 
300 kev. found in argon by Srostrj/m, Huus. and Kbch 2 ^ in 
1348# It demonstrates also th&t anomalies in elastic 
scattering of protons may be detected by this method of 
using £ proportional counter even for atoms with S-nuiaber 
up to 18. 

A second run w ta made ^hich verifies not only the 
existence of the anomaly at 303 kev. but a amt 1 cr anomaly 
reap’-errs nd is suggested fts being superimposed on the 
principal one at «n energy of about 345 kev. There me 
apparently a shift in magnet calibration between the first 
run fnd the second; but the energy spread in the anomaly 
and the energy difference between the two anomalies is 
the same. The first calibration on the LiF target is assumed 
correct. The second run is shown in Figure 12. A very 
slight variation in counting rate is noted but this may 
be due to in* ccaracy in adjusting the g s pressure in the 
chamber. 
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The t calibration la indicated on 71 gurna® XI 

etfk 1Z ^rlt,h the aaMfely loc ie£ &t '.>08 fannr* ir Flpwr# 12, 

A diaarimUr tor curve on eaettertd proton# at energy 
of 550 Scev* • % the port of the ororortioaol counter Is 
•haram in ^igure 13* 

Oanilcjlong* 

(1) A nmmw&t level in h»* been located by 

4Q 

ae&Jia of proton faosah r <3 meat of A «nrt observation of an 
nnoealy in ;ifae elastic scattering vl^oee this level at a 
proton energy of 908 fcev* ( * 10 fc«v, 1 

(iU The feasibility of using r proper t tonal counter 
to observe anomalies in the tl'atlo scattering of a gnn 
fa a been demonstrated* 

(3) H/otAo scattering in A* 0 * t energies between 
710 and 113:$ Icev, ad at a laboratory »o© tiering angle of 
150 3 fullotai closely that predicted f^oss computation of 
the aifferentit’l orom* -seat iona due to rape rno sit ion of 
Souloab scattering ad scattering f o» an impenetrable 
sphere* 
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■4olxa Targets. 

43 etrted in Seotlon I, one of the difficulties of 
using the present apparatus for roiid target* ic th- visual 
observation of the Nmi 1* obstructed fcnd all g-rjiacnt is ex- 
tremely difficult especially since the very sore of the 
proton beam must poo# through » oollimr tor of only 0.1” 
diameter. 

A flight modification oon be nude by nonstrnotlftyr a 
usovcble mo a ting for a solid target on a iprII shaft in- 
serted through the well of the reaction chamber or y&rfiday 
cage, pieces (2) and (J) of Figure 5* v -a* mm aeal gland 
*a«ld, of coatee, be ncoeea^ry t*> avoid lose rf pressure or 
v 3 uuk in the cha&ber. ith this modification, b solid tar-* 
get could be mounted, the upo^retue closed and evuaa* ted, 
and with the target swung out of the line of sight, the 
beam could be visually monitored * nd the tppmrafea# aligned, 
’hen, the target could be strong ch into the proper posi- 
tion for b nabardiaent* 

Gaseous target?. 

-lth the use yf & thin tala; window over the entry r*ort 
of the o anting chamber, it * mid be possible to have one 
gue mixture in the presort tonal counter and another In the 
re at ion ohumber. 3-it«r< lly, serrate g «* filling oonneo- 
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find a to atm aonne^lon would h to to be inwrporr^t‘4 
for the react ton airafecr alnoe it wool .4 be isolated 
frox the count in? ch .afeer «*Moh now o^-rrie# the gas 
filling connect loan nd y»oig& connect ion* 

1th this raoai flection it rotil>1 be ooissible to ob- 
rre so-*? tt «r lr»g r ad partial* resonance reactions in <H If- 
t treat g while still heeding the counting g* » the 

$&sue. 
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71 1. '-MBLT3 



r »A3T,5 I 



PissriasimtoT Carve on P® 2 * 0 Internal Source. 



Pressure 200 ksz, Kg, 

OefitT* 1 *ire Voir, •*«, +800 volts, 

i' ise time, 0. £ f&i arose coni a. 
Using &o4cl 205-3 Preamplifier. 
Amplifier <3«la, 2. 



Msorimia^tor Alphas 



Bias Yoltege 



Counts per minute 



2 

6 

10 

m 

20 

25 

30 

32 

36 

38 

40 

42 

44 

46 

49 



219 

201 

144 

140 

136 

130 

136 

i m 

136 

02 

68 

30 

4 

1 

0 



jJ 



7-Vi^g II 



ixpc'xvsrcss* wumr 100 



Elo&el 'linden to Hesotlon Volume: 



Min Imm 
Maximum 
Ue»n 



1*30 am. 
£•33 os. 
X • i)3 om. 



Re at Ion Volume to Sensitive Volume of Proportional Counter: 



Lttnirsuia 
l-'r xlr. sua 
Mean 



9.4 ora. 
10*4 oau 
9*9 am. 



Center of target Volume to: 



Seer gfcft of Sensitive Volume 9*9 on* 
Far 7n< 1 of Sensitive Volume 26,9 am. 



j-ength of ; cnsitive Volume: 



1?.0 c». 



Length of Eeuctio; Collimator: 4.6 am. 

iaaetcr of Collimator ?orte: 0.Q6" {©.16£ om. ) 



"hioJcneae of Hlofcel Foil ^Inflow; 0. 00005 " { 0. 000127 <wa. ) 

I tor torp Scattering Angle: 150° i 1,9° 



i meter of Be m Aperture: 
idth of Scr m Slit : 



0,1 * ( £.54 net* ) 
1 mm. 
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211,1 

Us •• 

Vi * W 

<.*> *-S4l 



f «■«!•* «ad»«# w «*ii» i«jf0 







!•! !■ I|f /«||MT t* uUH 
1*4 

iMur t» 

WVW *• talLLfv* t» -»M|C 

Unv r.«#s| • ?r «m«lie 






- . 






nr 



Computation o? ft 


r ' o'- ion 


'3w*g? of 


?roto«?§ fE 

B 


) 


p. C kev. ) 


900 


1000 


1100 


1200 


* foil 


745 


865 


963 


1070 


Hange at foil f mu tl.65 


2*03 


2.43 


2.86 


A R^(l.Q3an* ) 


.00 


.03 


• 03 


•08 


( am* ) 


1.57 


1.96 


2.35 


2.78 


A H g ( B « 33 os* ! 


.15 


.16 


.15 


.15 


% ( OB* ) 


1.60 


urn 


£.28 


2.71 


^ f fcev. ) 


710 


830 


940 


1050 


Rg (fcev. } 


696 


012 


922 


XCE3S 


At (kev. ) 


22 


10 


10 


17 


AR^ Cl. 52 oau 3 


.12 


.12 


.12 


.12 


S ffi ( 33* ) 


1.63 


1 .91 


£.31 


£.74 


t ( kev. ) 

6L 


706 


020 


931 


1042 


A \.» " 


calaltatss 


ni » slants thiokneoa of gno 



chamber at 50 wa« fl%) preeeinre redooed to equivalent 
r* aga at 750 t»» 

Talaett of f *« plotted u« Ourve I in Y igtirc 10. 

Y lues of E re plotter an Curve II i Ylgsrr* 10. 
v* 
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J* 

t.'Ttft ,» 






1 .r«4l « 




• a *uxl'^ 


m*/ 






l^wl ^ 



<• -w M «• MM« ' «0te * fS i 



.1 *J 1 «mi *4 ^ 4lr Vt4 |« «W# 

X *-»lt . t T. «•"*» » Wrf« 4 » n JIU M«t<f 
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'AiiLS IV. 



rncrglee of 51 gt loftily Prolong at ftttry Port 

of Counter (X e } 



1^ (kcv.) 


900 


1000 


1100 


1200 


E (Table HI) 

Gi 


706 


820 


931 


1042 


B r x 0.975) 


639 


000 


909 


1018 


H r (am.) 


1*47 


1.03 


2.22 


2.64 


A ( 9.4 cm. ) 


*5 Z 


.62 


.62 


• 62 


^ ( ms# ) 


.86 


1.21 


1.00 


2.02 


A Bg (10.4 oa.) 


,69 


.60 


.60 


.68 


H g ( am# ) 


.79 


1.16 


1.64 


1.95 


l x (fct’V. ) 


466 


601 


730 


863 


Eg Ocev. ) 


440 


568 


707 


830 


A X ( .cev. ) 


23 


24 


23 


23 


A R 0 (9*9 am. ) 


• 66 


• 66 


.66 


.63 


S 0 ( am. ) 


.82 


1.10 


1.67 


1.99 


E 0 (icev. ) 


462 


693 


7£0 


842 


A8 1 2 ere minimum nl 


ta x trams 


diatanoe 


frtm target; 


to entry port of 


counter 


reduced 


to 760 e 


m (Hg) preacure 



*9 In Table III. 

V lues of B «ve plotted f « Curve tri in figure 10# 

3 
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Ita 












w»*i 


tVT 
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i.nrfl « 


AL 


u. 
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M. 


• — • * 








♦ .»••» b* 



«* .* <- -I* mmtx m U* «M"l> r. ^ 
*r« l*t ■HI* '»'« n»i*» !• • « •**■ ■• 

JW H** H •• 

.« m or n«f »•»» •«. it Hbd 



-*AiLX y 



?htorgtioal He. of lg-- atcrefl Protons into *?ollfl Ariftle of 
1/3144 a$ an Angle of 150° 



E (Me-y. ) 


0.700 


0.800 


0.900 


1.000 


1.100 


» ( * i0» eras?) 


1.12 


1.29 


1.44 


1.60 


1.76 


T < X 


1.17 


1.25 


1.33 


1.40 


1.47 


A_^ x ICr 2 *®) 


3.46 


3.24 


3.04 


2.89 


2.76 




.932 


.994 


1.060 


1.114 


1.167 


^ — (degrees) 


63.6° 


56.95° 


60.76° 


63.8° 


66.9° 


»ln*f££*M 


• 644 


.702 


.761 


.805 


.846 


- 4 * (barns ) 


3.82 


3.35 


2.95 


£.66 


£.43 


<T^ (barns) 


2.46 


2.34 


2.26 


£.14 


£.05 


(barns) 


.99 


.76 


.60 


• 48 


.40 


d“ (b^ma) 


3.45 


3.09 


3.86 


2.62 


2.45 


n (©) 


4820 


4320 


4000 


3670 


3430 



8.U‘ 



<r 

a 



[*]' 



(*?*) 



^(f) 



4 <r, 

n(0)= n 0 lft<T/3144 



n o" 
H s 



0i3(>6 

6.90 x 10 13 
17 

1.77 x 10 



protons/! 0.9 
aC* 

Gtorau/oa. 
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*t a 



♦ 

• ' r 

IM J»*> 44 •! 
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IM 



' %»I4 l %0 
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M 



i 1 

k V 

% 

, • '• 

% -f. 



u t 
'* A ' 



* v 



TV 



^ * "l? * D 



C / 

• > 



P«J | • 



* aM.S VI 



Plgprittlnifttor PaV? on 3cattere4 Pronou n. 

- 650 k<nr. * % nonnter port. Counter preamire, 50 wm 

(%). 

Counter volti>fte t +SiiO Tilts 
Stag : Wi A ; 10 $ * 00 2 

i??e tliae, 0* J. yuiec. 

4&rli*ier 3a in, 14 



31«b Vrl v-are 



Count g/ I0»9 aO. 



5 

10 

£0 

3 (* 

40 

50 

55 

60 

65 

70 

75 

30 



4697 

413£ 

4H71 

4240 

4128 

3051 

3402 

3100 

£199 

930 

£47 



8 



64 



n 



•0 •** 


-» »'<• *4—— »- .»4a» f ,t 

— >i» 

•i oitilM 




wi< 

























* M • 






X* Born# 2# ."’hyalfc 30, 803 (1926). Also £MMm 

a»nto>i Reoh».ni»g , p. 94 , iltarn Hub. Oorp. (1961), 

£. Mofce iH Marshal. »hys. T ev. 63, 86 (1943). 

3. ilklflflu ?hys. Rev. 60, 3-65 (1941)# 

4* H&vla ana Hefner. ?hys. Rev. 73, 1£42 (1948). 

6* Povreli , my, Ch^a^tiote, end Ftytoflryiiiai. Mature 145 . 

893 (1940). 

6. Albright and 3a*h. ’hys. Rev. 74, 13*5 (1949), 

7, 'feeder left. Pros. Boy. •oa. London A, £01, 348 (1950), 
8# utherforl, Oh iwlofc.nnd Fills. H? fll j .lent fron Radio - 

apt tve .nbet ; m?eg. (1930), Also Renat. a toral q ^hyaioa 
line hart (1946), 

9. Jraifefor*. nd slton. Hr Sure 1E9, 649 (1932). 

10. Lllp.hans, fronton, «i* Rutherford. Pros. Boy, Bop# 149 
4C6 (1936). 

11. Seilers, "hys. Selt, 36, 829 (19:58), 

12. arohner rnd Hewert. ftp** Z«it. 36, 64 (1935). 

13. Cliphaat, Xeapton, ?ni Rutherford, Prop. Hoy. Soo, 150 
£41 (1936), 

14. Be* and Gilbert. Proo. Roy. 9oo. 154 . £79 (1936). 

16. Healer aon, Livingston, anl Irwrenae. ^hye. Hev. 46, 30 
(1934). 

16. Hall l day. fntrolu * or j Ha ale? .- hysyia:?. iley (1950). 

17. Hornyafe, La arts sen, Morrison, and Fooler. Hev. Mod. 
i’hya. 22, 291, (I960). 



65 



,'**•*- u 11 - . 

utv p a'i 

v. . • .j 

t ,'.••*• .<■ 

* ' • j •• .* • * ’ ' 

c-i * «<«• * t •» # : ’ • , • ■ •• 

.<*4 , C «1 

, ) t fl -x •«• • >• -1 • "• ' 

• f . 1 1 t # »r • ' 1 . • ‘ 

8K^ ^H0^S , I'iA^NI/p w0 

Inf ilrrl ***** -« .io«*n •mmub uiPi 

•*Utl> imMI 

. • ’ . -• * . ’■ .•■•• »'i • < 

•icp«s» ,v . * * 

. -*> • .- * * . ■ > * : • 

* • rv ,-UJ-ii' 

Jaiflt tM 

• : 1 .• .:• - • : . • * 4 U * - •• .*1 

ft .44 «*f! iM. ,i m»l «W all 

•IMS) 

_ _• • n. : 

••«* .fn Mi /x 

•AftfXl »ift .n 



1 J - 



IS. Allbarger, ejifl Hafner. Fhe Troturfrleg of Attnala 
tablet , BrwtehNVtii 9 a«lM»l laboratory '^«phlct 
ML-7-0 (104 *). 

19 , Devoa®. TScclted Ptatea of Arnold, Cais.br ta^c ?res?e. 

(ms). 

20. Freeaam tn<l Baxter. Jletur* 162 . 606 (1948). 

£ 1 * Broatrjdb, Amur, an?! 5 ooh. lir tuxe 162 . 60 S ( 1940 ). 

$£• JjtMe. Mn*iun fleghanlos, Pltaan (1951). 

£ 3 . ->nta«l. li. 'hyaife 40 , 590 ( 1926 ). 

£4. iri. Isotoolo draper a r<n4 v foale*.r * ' ♦■ ‘lotions, 
Xolrp^-mi (1940). 

£ 5 . Feahbaah, Pea alee, anA ’'claicowf. Gbps Rev. 71 , X 4 S 
( 1947 ). 

£6. crenr, Roseafe!*!, * ahluber. fool ear notes 

on a oourae given by nrloo Fermi. (1950). 

27 . Be the. Rev. Hod, Fhya. 9 , 69 ( 1937 ). 

29 . £•«*. «ftf«. Rev. 67 , 968 ( 1940 ). 

29 # Benficr. 4 hoei»»her, am Boor iotas, ^hyg. Rev* 

76 , £73 ( 1949 ). 

30 . Mooring, Sbester, Ooldberg, 9 mm* ni 'Imfsaam. ^hy. 
Rev. M* 70:5 f ^>^* 16 . 1961 ). 

WU & abenateia a«H 1 * ab«a?t«in. 9 hy». ~ev. 84 , 18 ( 1951 ) 

32 . v l>e®t<f.r. 9 hye. Fev. SB, 643 (Feb. 15 , 1952 ). 

33 . 4 » 3 . Chilton. Water’s Thesis, The resign ml gon- 
gtraation of an ■ * n>retng for T>c toot Ion of Fro ton* 
Aleha ataoltr.r Rf.aat.tona . ' hlo * 5 1 f te Fnlver a i ty, ( 1 951 ) 

- 66 * 



hnrii 1 l .ulfapra sT .»<« %• 

M<ai 

«»r>t 1)1 fW«W* Wtt<« .x»r>C ,U 

.»«#n 

.«*<*» M j| .**■«■ W. Mrt 

•"* .*« »■** .fetf M> 

JBMJS .». 4.-^1 f »iv 

o- . .21 jirsf J .otMi 
zutft « ‘»*«C n« «*c .w» 

.1 -*>i> li:***.#** 

JtitH 

fi!** 8!4B »m>*» ,i.ivim« ,w 

J—*n »mmt *J» «m» ai*w • • 

.tn«x> N ^ .r*rt •<* .*<1 n;* 

*»Xl to** J5 j .rww ,t| m»*t 

, *»*o m .a 

•»• «— *«*• .•«*«•> 

»jm) aj ttw»n> r 

•i ' * . ,cf .*•» .* •• 



1 1 < « t » », « ■; 



34* £• L. Boyse. l-Snster'a ''heela. 1 Oarrent Integrator. 

Ohio State UntYer tatty. (1952). 

35. Hi rsjahf elder Magee. ?hy*. Her. 73, 207 (1949). 

36. Mrtisea **( VeiiSeateewarlu. ?hye. Her. 74, 1702 (1949). 



- 67 - 



«!*•-« t «£I 
W2 .11 



* * • • * 4 
•\ . 1 
»d •« J • -* 4 ! •* 

* 3 * 






thesD66missing 

Investigation of proton induced reaction 




3 2768 002 00611 6 

DUDLEY KNOX LIBRARY 



